The relevance of the work is conditioned by the need for a more complete study of the mineralogy of rare-metal granite pegmatites of the Lipovskoye vein field. The purpose of the study is to describe the findings of native metals (gold, silver, copper, lead, bismuth and tungsten) in granite pegmatites of the Lipovskoye vein field. Research methodology. Detailed study of chemical composition, morphology and relationships of native metals with associated minerals. For this study we have chosen samples from the three types of granitic pegmatites -classical quartz-feldspar (mostly intragranitic), desilicated (apogranite plagioclasite) and contaminated lithium-bearing. Results. The paper describes native metals (gold, silver, copper, lead, bismuth and tungsten), which we have found in rare-metal pegmatites of the Lipovskoye vein field. The discovery of the native metals is the first on this facility. The microprobe analysis of such native metals as gold and silver showed the variability of their chemical composition from the type of pegmatite in which they are present. The formation of native lead should be logically linked to the destruction and recrystallization of high uranium thin rims of zircons. The formation of bismuth and tungsten may have occurred during recrystallization of accessory tantalumniobates. Summary. The finding of the native metals in granitic pegmatites is quite explainable. This is because these core rocks are formed in the post-magmatic stage of the silicate crystallization intrusions and they can contain typomorphic rocks for these metals. The absence of mineral concentrators (sulfides) in pegmatites clearly explains the small size and high dispersion of metals.
I ntroduction
The pegmatites of the Lipovskoye vein field lie in different rocks (gneisses, serpentinites, marbles, amphibolites, etc.) between the three granite massifs -Murzinsky, Aduisky and Sokolovsky. The geological structure of the area is a zone of mélange. In this zone, the bodies of serpentinites, gneisses, amphibolites and marbles are tectonically interspersed with each other in the form of separate blocks. Granitic pegmatites are represented by three metal types: classical quartz-feldspar (intragranitic), desilicated (apogranite plagioclasite) and contaminated lithium-bearing [1] .
In this paper, we have described native metals (gold, silver, copper, lead, bismuth and tungsten), which we have found in rare metal pegmatites of the Lipovsky vein field. The discovery of the aforementioned minerals is the first one in this object. In the recent report on the mineralogy of granite pegmatites of Lipovka [2] there is no information about them. Previously we have published abstracts of papers about the discovery of gold, silver and copper in the Lipovka pegmatites [3] .
Methods
We have investigated granitic pegmatites, which outcrop within abandoned and flooded quarries of the waste Lipovskaya silicate-nickel deposits. All native metals were discovered and investigated with the electron-probe microanalyzer CAMECA SX 100. This was performed at the Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences, analyzed by V. V. Khiller. The metal phases were studied on polished sections of pegmatites. They were cut on a diamond saw, polished the face plate with abrasive powder and polished with diamond pastes and chromium oxide. All the aforementioned technology of manufacturing preparations excludes the possibility of rubbing the above mentioned metals into polished sections. The preparations have been manufactured at the Institute of Geology and Geochemistry, Ural Branch of the Russian Academy of Sciences.
Native metals in granite pegmatites of the Lipovskoye vein field Gold. This metal was installed in ordinary quartz-K-feldspar (intragranitic) pegmatites, and also in lepidolite aggregate of lithium-bearing pegmatites. Gold does not form any intergrowths with accessory minerals and other metals, it forms isometric inclusions in the matrix of feldspar and mica. Grain size is no bigger than 10 to 15 ppm. The chemical composition of gold from different pegmatites is given in the Table 1 . The metal is characterized by high purity and almost does not contain impurities. It is of great interest that gold from lepidolite aggregate has impurities in contrast to its counterpart of ordinary pegmatites, which virtually has 100 % degree of purity. This high purity in quite rare nature and is characteristically a feature of secondary and supergene gold [4] . It is also typical in the metal from the ore exhalation of basalts found in a Large basaltic fissure eruption of Tolbachik [5] and in the lunar regolith as well [6] . In general, the discovery of native gold in granite pegmatites is very interesting, because this metal was not described earlier in these rocks [4, 7, 8, etc.] .
Silver. This metal as well as gold, is found in ordinary quartz-K-feldspar (intragranitic) pegmatites and in lepidolite aggregate of lithium-bearing pegmatites. Silver does not form any intergrowths with accessory minerals and other metals either. It consists of isometric xenomorphic grains, no more than 20-25 microns in size (Fig. 1) . The chemical composition of silver from different pegmatites is given in Table 2 . This metal has high purity and contains almost no impurities. Native silver, as well as gold, in granite pegmatites was not found earlier [4, 7 8, etc.] . In the Urals, the silver was found in skarn, massive cupper-sulfide deposits, rhyolite, serpentinite and metamorphosed cupriferous cuprous sandstones, as well as in supergene in the zones of oxidation in different ores [4] .
Copper. This metal as well as gold with silver is installed in an ordinary quartz-K-feldspar (intragranitic) and lithium-bearing pegmatites. Copper does not form any intergrowths with the accessory minerals of other metals. Grains are sprayed in all rock-forming minerals, except for quartz; their size is no more than 10-15 microns (Fig. 2) . The chemical composition of copper from different pegmatites is given in Table 3 . The metal has a high purity and does not almost contain any impurities. It is worth noting, that copper is the predominant metal in ordinary pegmatites. It sharply prevails over gold and silver, while in lithium-bearing pegmatites the quantitative ratio of metals is approximately equal to each other. The findings of metallic copper in granite pegmatites were not described before [4, 7, 8, etc.] . In the Urals native copper is found in various volcanites, serpentinites, cuprous sandstones, and quartz veins, as well as in oxidation zones of various copper-containing ores [4] .
Lead. This metal as well as the aforementioned copper, gold and silver, are found in an ordinary quartz-K-feldspar (intragranitic) and in lithium-bearing pegmatites. In ordinary pegmatites, it is detected as small (up to 5 microns) inclusions in the matrix of potassium feldspar. The metal is associated with grains of native gold; its microprobe analysis showed that it was only lead that was found there and the complete absence of any impurities. In the lithium-bearing pegmatites the metal occurs as small inclusions (less than 10 microns) in the metamict zircon, which underwent serious changes. This metal associates with the abundant impregnation of uraninite. The chemical composition of the inclusions is as follows, wt. %: Pb 70.15; Sn 29.14; total 99.29. In general, the formation of native lead is quite logical to associate with the destruction and recrystallization of high-uranium zircons, which characteristically belong to the Lipovsky pegmatites. The migration of radiogenic lead from uranium minerals without their destruction in the conditions of endogenous processes at temperatures and pressures corresponding to natural conditions of metamorphism was experimentally confirmed [9] . In the Urals, lead was observed in pegmatoid aegirine-augite veins, hydrothermal and hypergenic formations, as well as in alluvial deposits [4] . It is interesting, that hypogene lead crystallizes in a wide range of temperatures and pressures. This interval fluctuates from mantle conditions (inclusions in the black diamonds [10] ) to low-temperature metasomatic rocks (smears and inclusions in pyrite from argillites [11] ).
Bismuth. This metal is found in ordinary quartz-K-feldspar (intragranitic) pegmatites. It forms a rare and small (up to 5 µm) inclusions in the feldspars, although it is quite likely to be found in the desilicated pegmatites (plagioclasites). Microprobe analysis of the inclusions showed the presence of bismuth and the complete absence of any impurities. This made it possible for us to ascribe it to the native bismuth. The mineral does not form any intergrowths with accessory minerals and other metals. It is quite logical to associate the formation of native bismuth with the recrystallization of accessory tantalumniobates. At the Lipovka pegmatites these accessory tantalumniobates are often enriched with this element. This leads to the formation of self-dependent minerals called bismutotantalite and bismutomicrolite [2] . In general, the findings of native bismuth in the Ural pegmatites are not uncommon. This metal was described in the vein plagioclazites of the Ural emerald mines [12] , on the Kvartal'noye tantalum-niobium deposit [13] and on many other objects.
Tungsten. This metal was found in desilicated pegmatites (vein plagioclazites) only, where it forms a rare and small (up to 10 µm) inclusions in the rock forming anorthite. The microprobe analysis of the inclusions showed the presence of small impurities of chromium (Cr up to 4.5 wt. %), no reflections of other elements, including carbon, are recorded (Fig. 3) . This allows us to determine this phase as metallic tungsten. The mineral does not form intergrowths with accessory minerals and other metals. The formation of native tungsten is quite logical to associate with the recrystallization of accessory tantalumniobates. They are often enriched with this element in the Lipovka pegmatites [2] .
In nature, tungsten is rare enough and even as a mineral species it was approved by the International Mineralogical Associ-ation relatively recently, in 2011 [14] . Previously, this metal was found in the alluvial deposits of the Bol'shaya Pol'ya river on the eastern slope of the Polar Urals [15] . However, the mineral was not approved until it was found in quartz veins from the nearby Dodo mine. The finds were made of native tungsten in the lunar regolith [6] , the chromitites from the Polar Urals [16] . The mineral was also found in the products of exhalation from the Great fissure eruption of Tolbachik [17] , in the argillite of Gumeshevsky copper mine [11] and also in many other places.
Conclusion
In general, the discovery of native metals in granite pegmatites is quite logical, because vein rocks are formed on the postmagmatic stage of crystallization of siliceous intrusion. They may well contain noble metals which are typomorphic to these rocks. The temperature of formation of rare-metal pegmatites is about 500-650 °C (it decreases sharply in miarolas). This corresponds to the boundary PT-parameters (≤ 500 °C and 1-2 kbar) for the medium of crystallization of native metals, which were determined by M. I. Novgorodova [18] . The absence of mineral concentrators (sulfides) in pegmatites completely explains the small size and high dispersion of precious metals.
